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Dynamics of the far-infrared photoresponse in quantum Hall systems
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We have studied the time evolution of the far-infrared photoresponse of two-dimensional electron systems in
the quantum Hall~QH! regime. We have identified different contributions to the photoresponse by using
different sample geometries and by changing the direction of the magnetic field. In general, we have found a
fast response~microseconds! related to photoinduced Hall currents, and longer response times~up to some
hundreds of milliseconds! related to the photoinduced longitudinal resistance. Both types of the response are
present in the bolometric response bound to the flanks of the QH plateau, and in the cyclotron resonance signal
bound to the photon energy of the probe radiation. We give a qualitative explanation of our results on the basis
of impurity-induced potentials for the localization of excited carriers.

DOI: 10.1103/PhysRevB.66.085308 PACS number~s!: 73.43.2f, 78.47.1p, 73.50.Pz
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I. INTRODUCTION

Quantum Hall~QH! systems1 develop typically Landau
gaps of the order of 10 meV. Therefore, these systems
interact effectively with far-infrared~FIR! radiation with
wavelengths of the order of 100mm. A considerable variety
of results concerning the interaction of FIR radiation and Q
systems has been published within the last 2 decades: s
ing from investigations applying molecular gas lasers2–5 over
measurements with Fourier-transform spectrometer6–12 up to
the application of tunablep-Germanium lasers.13–15 Some
studies in this field were focused on the interplay betwe
QH edge states and FIR excitation.16–19

Despite a considerable amount of basic research on
interaction between FIR radiation and QH systems~for an
overview, see Refs. 2–6, 12–14!, the underlying mecha
nisms of the photoresponse~PR! are still a subject of contro
versy, and the dynamics of the photoexcited carriers in
systems is still a subject of discussion.

Whereas earlier papers3–5 show clearly both bolometric
and resonant contributions to the FIR photoconductivity
QH samples, in recent papers6,9,12the response is completel
attributed to bolometric contributions of thelongitudinal re-
sistivity. Whereas early papers3–5 reported aboutcoexistence
of fast ~about 10ms! and slow~milliseconds! components of
photosignals, in the recent papers10,12 the entire photore-
sponse of a QH system was described via single expo
tially decaying component with a parameter-dependent de
time, continuously tunable in region between a few mic
seconds and a few milliseconds.

The FIR investigations of QH systems are also interes
from the applicative point of view. The meander-shaped Q
devices reach sensitivities as high as 108 V/W and a noise
equivalent power of 10214 W/(Hz)1/2 ~Refs. 11 and 12!. The
high spectral selectivity~the width of excitation spectrum o
about 2–5 cm21—Refs. 7, 8, and 11!, and the spectral tun
ability by changing the magnetic field, or by changing t
concentration of the two-dimensional electron syst
0163-1829/2002/66~8!/085308~7!/$20.00 66 0853
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~2DES! of the QH detector, is a unique property in compa
son with other FIR detectors.

In our study, we have investigated QH systems of diff
ent shapes~Hall bars, meander-shaped devices! under vari-
ous conditions in order to obtain detailed information on t
limits of the detector performance and on the underly
mechanisms. Using the radiation of a pulsed tunablep-Ge
FIR laser, we have distinguished clearly bolometric a
cyclotron-resonant, and also longitudinal andtransversal
~due to photoinduced Hall currents! signal contributions. We
observe fast~few microseconds! and slow coexisting re-
sponse times, and attribute the fastest part of the PR to
transversal components.

II. SAMPLE DETAILS AND EXPERIMENTAL TECHNIQUE

Our samples are two GaAs/AlGaAs heterostructures~wa-
fer A and wafer B! with the following parameters: wafer A
has the two-dimensional electron densityns53.11
31011 cm22 and the mobilitym4.2K5190 000 cm2/V s, for
wafer B the corresponding parameters arens52
31011 cm22, m4.2K5500 000 cm2/V s. These wafers were
patterned in different geometries~270-mm-wide, 2-mm-long
Hall bars; and 100-mm-wide, 60-mm-long, meander-shape
samples, 233 mm2 square!. The probe emission source i
our experiment was ap-Ge pulsed cyclotron laser~pulse
width about 1ms, repetition rate 1 Hz, maximal peak pow
about 1 W, linewidth of the radiation about 0.2 cm21! which
is tunable around a wavelength of 100mm by an external
magnetic field~for a description of the functional principle
see Ref. 20!. This allows us to make the time resolved me
surements around filling factorn52 for a wide range of
electron concentrations of 2DES in the QH samples. T
photoresponse~photoinduced change of longitudinal voltag
DVx! of the samples was measured via a single hi
frequency cable~maximum frequency 36 GHz, 50V!. The
corresponding time constant~sample resistance multiplied b
cable capacitance! was of the order of 1ms and thus compa
rable with the response time of the fast parts of the obser
©2002 The American Physical Society08-1
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N. G. KALUGIN et al. PHYSICAL REVIEW B 66, 085308 ~2002!
signal. The sample current was varied typically from 0.1I c to
up to 3I c ~I c is the critical current of the QHE breakdown!.

III. EXPERIMENTAL RESULTS

In Fig. 1, the photoresponse~PR! of a Hall bar~wafer B!
is shown as a function of the magnetic field for differe
positions of the laser line. Whereas the double peak ins
the plateau remains bound to the flanks of the QH plat
~bolometric response!, the negative peak moves with the l
ser line, yielding a cyclotron mass ofmc50.067m0 , where
m0 is the free electron mass~cyclotron resonance, CR!. An
important result is that the signal of the photoresponse
Hall bars is fast~signals with a rise time of the order of th
rise time of the FIR pulse, and decay times of about 1–6ms
depending on the nature of the response!, and the initial part
of the signal changes the sign with the change of the di
tion of the magnetic field of the sample~Fig. 2!. This means
that the signal of PR in the first microseconds after the pu
of FIR radiation is mainly the result of the drift compone
of photoexcited electrons in the direction of the Hall fie
The initial period of time evolution of the relaxation of th
photoexcited electrons is significantly defined by the curr
flowing acrossthe sample, causing the fast part of longit
dinal PR in QH systems. Thus, we can write the express
for the longitudinal photoresponseDVx of QH system as
follows:

DVx5~Drxx
bolom1Drxx

CR!~L/w!I bias1~rxy1Drxy
bolom

1Drxy
CR!I H

photo, ~1!

where Dr i j
bolom is the bolometric part of the photoinduce

change ofr i j , which is proportional to]r i j /]Te ~Te is the
electron temperature!; Dr i j

CR is the CR-related photoinduce
change ofr i j , I bias is the source-drain~bias! current;I H

photo is
the photoinduced current along the Hall field, changing
sign with the change of the direction of the magnetic fieldL
is the length; andw is the width of the QH sample.

FIG. 1. The time-integrated magnetic field dependence of
photoresponse of a Hall bar sample~wafer B! at different photon
energies of ap-Ge laser radiation, maximal laser intensityJmax ~cor-
responds to peak power about 1 W!, bias current 45mA, T54 K.
The inset demonstrates the linear dependence of the cyclotron
nance~CR! line on the magnetic field.
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In contrast, just the first term of Eq.~1! was mentioned in
many previous works.7–13 Consequently for the bolometri
photoresponse, we should take into account not only the t
perature derivative of the longitudinal resistance, but also
contributions of the transversal resistance@see Eq.~1!#. This
explains the details of the spectral shape of the photo
sponse in Fig. 1, such that the low field part of the photo
sponse curve~the part of negative polarity at about 4 T!, near
the QH plateau, is the part of bolometric signal caused
]rxy /]Te @see Fig. 3~b!#. Equation~1! shows that the result
ing polarity of PR for both the bolometric and the nonbol
metric CR-related part, in reality can be of any sign, eith
negative or positive. The signal polarity depends on the m
tual orientation of the bias current and the Hall field in t
sample, and on the weights of different components of
signal. These weights of the components, in their own ord
depend on the magnetic field, on the value of the bias c
rent, on the intensity and on the wavelength of the appl
FIR radiation.

A similar field dependence of the polarity of PR was o
served in Ref. 3 for the microwave photoresponse of Q
systems, which can also be described by expression~1!.

In addition to the fast immediate few-microsecond-lo
photoresponse, slow components of PR appears a few m

e

so-

FIG. 2. The time evolution of PR of the Hall bar sample~wafer
A! at B566 T for two opposite field directions@~a! and ~b!#, T
54 K, bias current 50mA, photon energy of a laser radiation 9.
meV, Jmax, direct signal from the sample~no amplifiers!. The de-
pendencies show the presence of both the Hall-field-related pa
PR ~during initial 2–3ms of a signal evolution!, and of the longi-
tudinal component~with a decay timet of about 4–6ms! which
does not change the polarity with the change of the magnetic fi
orientation.~c! and ~d! The results of numerical separation of th
transversal~marked byxy! and longitudinal~xx! components from
the data of~a! and ~b!. ~c! The xx andxy components, the sum o
which gives~a!; ~d! shows how the samexx component, and thexy
component after the sign inversion~due to change of the magneti
field direction into opposite,B1 to B2!, in sum are giving~b!.
8-2
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DYNAMICS OF THE FAR-INFRARED PHOTORESPONSE . . . PHYSICAL REVIEW B 66, 085308 ~2002!
seconds after the FIR pulse. In Hall bars these compon
are relatively weak. These components appear in the sig
if the magnetic field of a sample is at the edges of the
plateau, or lies outside of the plateau. Thus, we observe
long decay times in the PR, as previously reported in Ref
and 5. Also, we can confirm the weak dependence of
bolometric part on the wavelength of the FIR radiation~see
Fig. 1!, as reported in Ref. 3.

When we investigate samples with meander geometr
comparison with Hall bars~with a length of the meande
sample, which is by orders of magnitude bigger than
width!, the role of longitudinal,rxx-related components o
PR is dramatically increased. The PR remains spectr
similar ~Fig. 4!, but changes its temporal behavior. Rath
long response times~with decay times of about 300–350ms!
appear in the PR signals~Fig. 5!, and these long time com
ponents do not change the sign with the orientation of
magnetic field of sample. At the same time the fast~about
6–8 ms decay time in all meander samples under stud!,
field direction-dependent part of PR, also occurs in meand
as in the Hall bar samples, and moreover grows in amplit
with the increase of the length of the sample. This is und
standable: the Hall current appears after the FIR pulse in
cross sections of the sample in regions with a local incre
of the Hall field ~due to potential fluctuations!, and the in-
crease of the length of the sample increases the numbe
such regions. The current occurs due to the appearance o
photoexcited electrons or/and due to QH breakdown if
bolometric part of PR near the QH plateaus is conside
The photoresponse, being as long as a millisecond, tens
even hundreds of milliseconds, also remains in the mean
samples. This long-time part of PR is much more stable
pronounced in meanders than in Hall bars~Fig. 5!.

The results on the meanders nicely illustrate the detail
the bolometric part of the PR. Figure 6 demonstrates the fi
dependencies of PR for the bolometric PR near the fill
factor n52 for the PR magnitude measured with differe
time delays after the FIR pulse. It is clearly seen that the H

FIG. 3. ~a! The experimentally measured ratioDRxx /DT, where
DRxx is the deviation of the longitudinal resistance of a samp
caused byDT, which is the change of the sample temperature fr
1.6 to 4 K, for the Hall bar sample~wafer A!, at different bias
currents~see the legend!. The rxx(B) curve at bias current 5mA,
T54 K, is shown as the guideline.~b! The ratioDRxy /DT, mea-
sured in the same experiment with~a!. Therxy(B) curve at 5mA, 4
K, is shown as the guideline.
08530
ts
al,

he
3
e

in

e

ly
r

e

rs
e
r-
e

se

of
hot
e
d.
nd
er
d

of
ld
g
t
ll

,

FIG. 4. ~a! The magnetic field dependence of the PR at differ
stages of the signal evolution. HereDt is the time delay after the
start of p-Ge lasing. The meander-shaped sample~wafer A!, T
54 K, bias currentI bias560mA, laser photon energy 10.78 meV
maximal intensity of radiation.~The inset shows the scheme o
design of the meander QH samples!. The bolometric and CR parts
of PR ~indicated! overlap at the early times of relaxation, but a
clearly distinguishable after a few tens of microseconds. T
rxx(B) curve is shown as the guideline.~b!, ~c! The magnetic field
dependence of PR of the meander sample~wafer B! at different
laser photon energies,Jmax, bias current 25mA, T54 K. Here~b!
corresponds to the early stage of PR with the delay timeDt
52 ms, consisting mainly of Hall part of PR with the decay tim
t56 – 8 ms, ~c! corresponds toDt530ms and represents mainl
the longitudinal component witht5350ms. The scale of vertical
axis on~c! is 5 times smaller than that for~b!; the rxx(B) curve is
shown in ~b! and ~c! as the guideline;~b! and ~c! clearly demon-
strate the dynamics of relaxation on the example of the bolome
PR: shortly after the FIR pulse, the QH plateau shrinks@we observe
a single peak—see~b!#, after 30ms we already observe the double
peak structure@see ~c!#, i.e., the QH plateau returning back t
the initial width as it was before the FIR pulse.~d! The depen-
dence of the CR line energy on the magnetic field, from the dat
~b! and ~c!.
8-3
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current-related fast component of PR is larger than the
gitudinal components even in the meander samples, if
consider the bolometric PR.

The double peak structure, following]r i j /]Te , has a
closer distance between the peaks for the fast compon
and then the distance between the peaks grows with t
Thus, we really see the electronic bolometricity, because
the microsecond scale the distribution of electrons obviou
already can be described by the electron temperatureTe ,
which slowly ~in milliseconds! decreases and finally reach

FIG. 5. ~a1!–~a4!. The time dependence of the bolometric pa
of PR of the meander-shaped sample~wafer A!. T54 K, Jmax. Here
~a1!, ~a2! show the early stage of PR at two opposite directions
the magnetic field forB565.9 T, I bias525mA, laser photon en-
ergy 10.92 meV, signal was recorded directly from the sample~no
amplifiers!; ~a3!, ~a4! represent the results of numerical separat
of the Hall ~xy! and longitudinal~xx! components of PR from the
traces in~a1! and~a2!. ~b! The entire time dependence of PR on t
example of PR trace of the meander sample~wafer B!, laser photon
energy 7.774 meV,Jmax, bias current 50mA, T54 K. One can
clearly see the earlier mentioned parts of PR with differentt, and
the meaning ofDt. We have selectedDt52 ms andDt530ms in
our scans vs magnetic field, because in the first case it gives
information about fast Hallxycomponent of the PR; and after 30ms
the PR is almost completely defined only by longitudinal~xx! part
of PR.
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the temperature of the lattice. The FIR pulse excites hot e
trons and destroys the equilibrium distribution of the carrie
The system quickly reacts with a fast~it takes not longer than
1 ms! shrinking of the QH plateau. The FIR pulse causes
appearance of a Hall current. Then the system relaxes b
to the initial width of the plateau. This behavior is also se
in Figs. 4~b! and 4~c!, where afterDt52 ms we see effec-
tively a single peak of bolometric PR, and after 30ms a
double-peak dependence develops.

It is known21 that the bias current itself leads to the cr
ation of hot electrons and to the breakdown of the QH effe
FIR radiation is just another mechanism to generate hot n
equilibrium electrons. In that sense the effects of bias curr
and FIR radiation are somehow competing: having a low
current and a higher intensity of excitation, or a higher c
rent and a lower FIR intensity, we can reach quite simi
physical situations. For example, at high FIR excitation
can easily observe the merge of two peaks of the bolome
PR to an effectively single-peak field dependence~as it was
described in Ref. 14!, and the same effect can be observ
just by increasing the bias current.

The bolometric and resonant components of the PR d
onstrate the difference not only in the magnetic field dep
dences. They are also different in dependence on the
current. For the bolometric part of PR, the bias current
pendence for the fast Hall field-related part of PR is alm
linear ~see Fig. 7! independently of the position of laser line
This simply reflects the linear dependence of the Hall fie
and therefore of the photoinduced Hall current in the Q
system, on the bias current. At the same time, the CR- rela
part of PR has another bias current dependence. Despite
fact that the fast part of PR is~as in the case of bolometri
PR! clearly Hall-field dependent, and changes the sign w
the change of the direction of the sample magnetic field~see

f

he

FIG. 6. The picture of relaxation of the magnetic field depe
dence of a bolometric PR in the meander-shaped sample~wafer A!,
I bias525mA, laser line at 10.91 meV, maximal laser intensity. T
field dependence atDt51 ms @mainly defined by fast~field-
direction dependent! component with a decay timet56 – 8ms#, for
the part of PR which appears almost simultaneously with a F
pulse, is a product of the superposition of two peaks, bound to
flanks of the QH plateau. With time~see the field dependencies fo
longitudinal PR components withDt530ms ~when it is mainly the
part of longitudinal PR witht5350ms, Dt52.7 ms andDt
520 ms!, the distance between these two peaks grows. They re
back to the positions of the QH plateau flanks before the FIR pu
as defined by the bias current.
8-4
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DYNAMICS OF THE FAR-INFRARED PHOTORESPONSE . . . PHYSICAL REVIEW B 66, 085308 ~2002!
Fig. 8!, in the case of CR response the bias current dep
dence is clearly nonlinear. The interesting aspect is that
nonlinearity for the CR PR-dependence appears at the
currents, where the current–voltage characteristic of
sample is still linear~at the measurement position the long
tudinal voltage on the sample grows linearly with the b
current until about 20mA!.

In our experiments, for the Hall bars the time depend
cies of the PR for the bolometric signal and the CR re
nance were similar at all applied radiation intensities. In H
bars, we did not find any observable dependence of the
constants on the mobility of samples.15 In meanders in our
experiments~with the laser intensities we used! the time con-
stants of PR also demonstrate no dependence on the sa
mobility, in contrast to data of Refs. 10 and 12. For
samples under study we observed a fast Hall componen~of

FIG. 7. The dependence on the bias current for different co
ponents of the bolometric PR.T54 K, meander sample~wafer B!,
B54.28 T, laser position 7.774 meV~CR at 4.5 T!, Jmax. The ar-
row demonstrates the position ofI c .

FIG. 8. ~a! The dependence on the bias current for differe
components of the cyclotron resonance PR, for the meander~wafer
B!, Jmax, T54 K. The results in~a! were obtained underB
564.875 T, laser at 8.45 meV~cyclotron resonance!. The change
of magnetic field direction changes the polarity of the fa
(t56 – 8ms) transversal~Hall! component of PR@see ~a!, cases
B1 and B2#. The measurement position~precise CR! is shown
in ~b!. ~b! The magnetic field dependence of the longitudin
voltageVx for the same sample at different bias currents, no F
illumination.
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about 6- to 8-ms decay time!, a slow component~of about
300- to 350-ms decay time!, and a slow millisecond-
component if we were out of the QH plateau. In the samp
with low mobility, the sensitivity at the CR is low, and th
CR line is observable only at relatively high bias curren
even at the highest applied intensities of laser radiation. W
increasing sample mobility the CR-related sensitivity grow
Although it is usually argued that the semi-insulating su
strate should not affect the PR, a possible influence of s
strate heating by the intense laser pulses due to reso
interaction with impurities cannot be completely exclude
However, no distinct lines, which could be attributed to th
effect, could be detected.

IV. DISCUSSION

To summarize our experimental results, for the FIR ph
toresponse in QH systems we have observed:~1! the major
importance of the Hall field,~2! the existence of a depen
dence of the sensitivity of QH systems on the mobility f
the CR-related part of the PR, which indicates the imp
tance of random potential and localization of carriers in t
potential;~3! the observed difference of the PR decay tim
for xx andxy components.

These facts lead us to the conclusion that in QH system
Hall field-induced anisotropy of scattering and localizati
may occur. The random potential-related localization regio
~Fig. 9! are not isotropic in the presence of the Hall fiel
Because of this Hall field, the localization ‘‘lakes’’ should b
larger in size in the direction along the Hall field. During th
FIR pulse, we create excited electrons, which move ea
along the Hall field: with less scattering events~on the ran-
dom potential! than in the perpendicular~to the Hall field!
direction. Moreover, in the initial time after the pulse w
should have the appearance of an effective ‘‘flattening’’—
reduction of the importance of the random potential alo
the Hall field due to screening, i.e., the ‘‘lakes’’ should tran
form into stripes. Then, the relaxation of system means
relaxation from such a strongly anisotropic stripe-like loc
ization potential back to more isotropic case. Naturally,
the CR-related effects~which are bound to the degree o
scattering and thus to the disturbance of the free motion
electrons along the cyclotron orbit! the changes in size, di
mensions, and shape of the regions in which the electr
can move, should affect the CR-part of the PR. Con
quently, the higher mobility samples, having larger fluctu
tion length scales and better conditions for CR, can sho
more pronounced sensitivity of the CR.

On the basis of our results, we would like to comment
some conclusions made in some previous works on
mechanisms of the FIR photoresponse of the QH syst
~Refs. 6, 9, 11, and 12!. Many previous conclusions wer
based on the results of experiments where the authors
the nonmonochromatic wide-range FIR radiation, and lo
durations of pulses. Under such conditions it was technic
impossible to distinguish different components of PR. F
example, the conclusion that the entire FIR longitudinal ph
toresponse of QH system is proportional to (]rxx /]T)DTe
and can be completely explained via this single term w

-

t

t

l
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N. G. KALUGIN et al. PHYSICAL REVIEW B 66, 085308 ~2002!
initially based on the topological similarity of experimental
observed plateau-bound double-peak magnetic field de
dencies of PR of QH systems, with the double-peak shap
the temperature derivative ofrxx . But, our results@see Fig.
4~b!# clearly demonstrate that the efficiency of nonbolom
ric CR-related part of PR is maximal at some intermedi
distances from the flanks of QH plateau, and going dow
we either increase the distance between position of CR
flanks of QH plateau, or if we go with CR position inside th
QH plateau~in fact, inside the plateau the efficiency of CR
zero, as shown already in Ref. 3!. That means that if we plo
the dependence of CR efficiency of a QH system versu
magnetic field, we obtain just a wider, but looking similar
the bolometric one, double-peak structure around the
plateau. So, if using the wide range polychromatic FIR
diation, for each magnetic field our QH system will recei
the corresponding spectral part of radiation resonantly,
the rest via the bolometric mechanism. As a result we sho
indeed obtain the double-peak magnetic field depende
which in reality will be the product of overlap of bolometr
and CR efficiency curves.

FIG. 9. The possible evolution of an electron localization p
ture in our experiment.~a! The picture of a localization potential in
a part of a QH sample before application of the source-drain fi
and appearance of the bias currentI bias. ~b! The picture of the
localization potential before the FIR pulse. The regions of locali
tion are larger in size along the Hall fieldEH ~EH is about 10EX

~after the QH breakdown!, whereEX is the longitudinal componen
of the electric field inside the QH sample!. ~c! The FIR pulse heats
the electron system and causes the transitions of electrons to h
Landau levels. The sample reacts by the transformation of the
calization regions into ‘‘stripes,’’ and by the appearance of the H
current I H

photo @the profile of the scattering potential across t
sample ~screened potential fluctuations! differs from the profile
along the sample~well developed fluctuations!#. ~d! The picture
some time after a FIR pulse.I H

photo decreases and the regions
effective localization relaxes. The drift of ‘‘colder’’ electrons in th
longitudinal fieldEX and~in the case of CR! the processes of orbita
and percolative motion of electrons in the relaxing regions beco
dominant.
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The understanding of this fact allows us to explain t
differences in the bias current dependence of PR for differ
magnetic field positions, observed in Ref. 11. The obser
linear or nonlinear dependencies simply reflect the ac
weights of bolometric, or of CR-related, mechanisms of
for the given sample at the given magnetic field.

These arguments, the above-mentioned observation o
independence of the bolometric part on the laser line p
tion, and previous results of spectroscopic investigations
QH detectors~see Refs. 7, 8, and 12: the spectrum of sen
tivity of the QH detector demonstrated just the cyclotr
resonance line even in the case of low FIR intensities! show
that the PR of QH detectors cannot be interpreted as c
pletely bolometric even at lowest FIR intensities.

Another possible complication in the recovery of thexy
component of the PR can be due to the selected patter
geometry of our QH samples. Due to our experience,
decrease of the width of meander samples leads to an
crease of the weight of thexx parts of PR. Therefore, thexy
component of the PR was very effectively masked by
largerxx components.

In our results we confirm the coexistence of different tim
scales of the PR. Therefore, the description of the relaxa
of photoexcited electrons via one monoexponential sin
decay time dependence~as in Refs. 10 and 12! appears to be
questionable.

V. SUMMARY

In conclusion, we have observed the existence of t
components of the FIR photoresponse of quantum H
systems—a transversal and a longitudinal component, e
of it corresponding to two mechanisms of th
photoresponse—the bolometric PR and the cyclotr
resonant PR. The transversal components of the PR de
within a few microseconds, the longitudinal componen
demonstrate longer decay times~a few microseconds to a
few hundred microseconds!, depending on the length o
samples. Our results show that, using appropriate com
nents of PR of QH system, we can produce FIR selec
tunable detectors, which are not only 3 orders more sens
~Ref. 12!, but also 3 orders faster, than the conventional
bolometers, working at the same temperature.
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